Introduction
Success in research and development (R&D) depends to some extent on the possibility of sharing knowledge and outsourcing some of the R&D activities within partnerships. A firm may not possess full technical expertise in all areas of science or it may consider specializing in certain R&D activities and outsourcing others.
In this study we focus on the outsourcing of R&D by Canadian business enterprises to universities. We consider payments for R&D services from business enterprises to universities as the monetary counterparts of transfers of knowledge flows (TKF) between business enterprises and universities. Among the many factors that determine the extent of business-university networking we want to test whether the geographical distance between firms and universities plays any role. The existence of such a spatial dimension in the industry-science link is greatly contested [KARLSSON and MANDUCHI, 2001] . If the knowledge transferred is sufficiently codified, firms do not in principle need to be located close to the universities they deal with. If, however, the knowledge to be transferred is tacit, then geographical proximity may be a plus, because face to face contacts are needed to assimilate the knowledge. If payments for R&D are part of collaborative research proximity may be preferred, if R&D is purely contracted out, distance may be less important. Finally distance as such may be less crucial than the existence of institutional and personal links between the firm and the university on the basis of a longstanding collaboration in financing research and recruiting personnel, or an the basis of an alma mater/alumni relationship.
Most empirical studies on the role of geographical proximity between business enterprises and universities use either qualitative data or quantitative data on patents or patent citations. Our study is based on hereto unexploited data of R&D transactions between firms and universities from Statistics Canada's annual R&D survey. This survey covers all Canadian enterprises engaged in R&D activities for at least 1 million dollars during the 1997 to 2001 period.
The paper is structured as follows. In section 2, we sketch the results of previous studies relating to the industry-science link with a specific focus on spatial effects. In section 3 we present the gravity model we will be used to test the importance of physical proximity for firm-university knowledge transfers. In section 4 we present our data source. In section 5, we proceed to a descriptive analysis of some of the potential explanatory variables of TKF. In section 6 we report the results of a multivariate statistical analysis. Section 7 summarises and concludes.
A glimpse at the literature
Starting with the work of JAFFE [1989] many studies have found that firms enjoy externalities from being physically located close to universities. The number of patents [JAFFE, 1989] or the number of innovations [ACS, AUDRETSCH, and FELDMANN, 1992] by enterprises increases with the geographic proximity to academic research. Recent investigations in the spatial dimension of knowledge spillovers confirm the role of geographic proximity as a major determinant of the transfer of knowledge [AUDRETSCH and FELDMAN 1996; MANSFIELD and LEE 1996; AUTANT-BERNARD and MASSARD 2001; CARRINCAZEAUX ET AL. 2001; KELLER 2002 ; AUDRETSCH ].
However, AUDRETSCH and STEPHAN [1996] and ZUCKER ET AL. [1994] show that distance per se is not all that matters. Star scientists in biotechnology can have business connections with far away places. What really matters is the kind of involvement by the star scientist. Founders of biotechnology enterprises are often local researchers, advisors need not be local.
The distinction between tacit and codified knowledge is a central tenet in the argumentation of the localization of knowledge spillovers [KOGUT and ZANDER, 1992] . It is usual in the economic literature to argue that the geographical proximity matters to explain the flows of tacit knowledge because this type of knowledge is difficult to exchange without direct face-to-face interaction [KARLSSON and ANDERSON, 2005] . Several studies support this point of view arguing that the cost of the absorptive capacity to assimilate the tacit knowledge is not invariant with respect to distance [JAFFE, TRAJENBERG and HENDERSON, 1993; FELDMAN 1994] . The theory of localized knowledge spillovers suggests that profits will be greater in agglomerations and spatial clusters, since there access to tacit knowledge is easier [AUDRETSCH . At the opposite, the cost of transmitting information in codified form is basically invariant with respect to distance. But there is another twist to the argument. As stressed and documented in BRESCHI and LISSONI [2006] and earlier work by the authors, the tacit nature of knowledge is neither necessary nor sufficient to explain localized flows of knowledge. What is also important is the existence of social connectedness. Knowledge flows more easily among members of a social network bonded by trust and unwritten rules of reciprocity. Transfers of knowledge between a business enterprise and a university, in whatever form, is facilitated when firm owners or managers have long-standing relationships with the university, as alumnis, collaborators or co-owners.
Indeed, another reason for having firms locate in the vicinity of universities is related to the phenomenon of university spin-offs. These spin-offs are becoming an increasingly important means to commercialize science. With and without a Bayh-Dole act, universities feel pressured to try and reap some commercial benefit from academic research. Technology transfer offices have been created to help academics to apply for patents and to create spinoffs. If these spinoffs are located around the universities, faculty members can more easily monitor these spin-offs while keeping their academic positions, Graduate students and postdocs can be hired at the benefit of both parties. Students and postdocs can get a first job or hand-on experience that can be beneficial for their future career, whereas start-ups can easily recruit qualified researchers. University licensing of intellectual property to university spin-offs may be a fruitful way to capitalize on their academic research with possible back-financing from the spin-off to the university. As indicated by FELDMAN ET AL. [2002] and LEE [1998] , universities have long served as a source of scientific knowledge for industries.
In order to facilitate the transfers of knowledge and to internalize the knowledge externalities, federal and local governments may encourage the creation of science parks around universities. As start-ups and spin-offs get created and become successful, clusters may develop close to universities, such as the Silicon Valley in California or Route 128 in Massachusetts.
As noted by KARLSSON and ANDERSON, [2005] , despite a vast literature on how university and industry R&D affect innovation output, relatively little has been written on the spatial relationship between universities and business enterprises. The studies by JAFFE [1989] , ACS, AUDRETSCH and FELDMANN [1992] , ANSELIN ET AL. [1997] , BRANSCOMB ET AL. [1999] , AUTANT-BERNARD [2001] , AND KARLSSON and ANDERSON [2005] are exceptions. Most of these studies, however, use the number of patents as a measure of output externality. This measure has two weaknesses: it does not provide a good coverage of all industrial sectors and it does not always correct for the quality of patents by using for instance patent citations, as in JAFFE ET AL. [1993] , Thompson and Fox-Kean, [2005] , and BRESCHI and LISSONI [2006] . Therefore, we find it interesting to revisit the issue of university related spatial spillovers by using a different type of data, namely the payments for R&D services from industry to university. Moreover, in the literature on spatial spillovers, distance is often measured by the contiguity be it of statistical metropolitan areas or administrative regions, as in JAFFE ET AL. [1993] and AUTANT- BERNARD [2001] We, instead, shall propose a finer measure of the actual distance between an enterprise and a university.
Many types of knowledge flows may occur between business enterprises and universities, some are of a tacit and some are of a codified nature. Some of these flows may be related to cooperative research between firms and universities; others may purely correspond to outsourcing of R&D activities, as for instance by small firms that do not have the internal capacity to do R&D on their own. The tacit nature of knowledge, the cooperative nature of research, and the existence of historical or social links would favor the geographical proximity between the enterprises and the universities they deal with. In case of codified knowledge, pure outsourcing of R&D activities, and historical links between the universities and the firm's decision makers, distance is less likely to matter.
The model and variables description
To model the effect of distance on the transfer of knowledge from universities to firms we borrow from the gravity models of international trade. In these models, similar to Newton's law in physics, distance enters as a major explanatory variable in the amount of bilateral trade flows. Besides distance between two trade partners, the individual characteristics of each partner are controlled for. This study uses the same type of model, but applies it to the spatial link between enterprises and universities in determining knowledge flows. The distinction is important because in our case distance does not capture transportation costs as in the traditional gravity models, but it captures the transaction costs in knowledge transmission between enterprises and universities.
The dependent variable (exfund) is the ratio of total payments for R&D services made to universities over total R&D expenditures by Canadian enterprises that perform R&D. This variable could be viewed as an indicator of knowledge flows (TKF) from universities to R&D performers. In the economic literature the greatest difficulty in testing the effects of distance on knowledge transfers or spillovers comes from the fact that these knowledge transactions are invisible. The data on R&D expenditures devoted to enterprise-university scientific partnerships or R&D outsourcing allow us to test more directly the influence of spatial proximity on the magnitude of knowledge exchanges between enterprises and universities. We express these payments in logarithms to take into account a potential non-linearity in the knowledge transfer. The extensive literature on industry science links is mainly based on qualitative measures: whether firms cooperate or not with universities [MOHNEN and HOAREAU, 2002; VEUGELERS and CASSIMAN, 2003; BELDERBOS ET AL., 2004] . We instead measure TKF quantitatively by the amount of dollars paid by enterprises to universities for R&D activities. These TKFs can take various forms: R&D joint ventures, contract research, technology transfer, R&D services etc. The advantage of this indicator is that it captures not only the number but also the intensity of transfers between enterprises and universities. In the recent literature on this topic, very few empirical studies are based on quantitative data. One exception is FONTANA ET AL. [2006] who use the number of R&D projects to measure industrialscience link.
Our interest centers on the effect of the physical distance (dist in kilometres) between an enterprise and a university for each transaction.We measure distance as follows: = 6370,997*arcos[sin(ent_latrad)*sin(univ_latrad) +cos(ent_latrad)*cos(i_latrad)*cos (ent_longrad-univ_longrad)] where:
Distance
(ent_latrad) and (univ_latrad) are the latitudes in radians for enterprise and university respectively, and (ent_longrad) and (univ_longrad) are the respective longitudes. The geographic co-ordinates (in degrees and decimals) are converted to radians by dividing by 57.29577951 [FRENETTE, 2002] .
To test whether distance affects not only the size of payments from business enterprises to university but also the mere fact of having a university link, we compute for every business enterprise the average distance to all identified Canadian universities (avg_dist_alluniv). In the database the university's name has not been systematically reported even when the amount of the transfer was declared. The dummy variable (Unident) captures the effect of unidentified Canadian enterprise-university links or links with foreign universities.
As in the gravity models in international trade we also control for firm and university characteristics. We include size measured by the number of employees. We expect larger enterprises to have more TKF because larger enterprises are likely to be engaged in multi-link technological partnerships. It is not certain though that large firms spend proportionately more in knowledge flows from universities than small firms. FONTANA ET AL. [2006] also indicate that firm size measured by the number of employees affects the propensity to collaborate with external partners.
We control for absorptive capacity (absorptive), which is measured by the ratio of R&D staff over total employment. In line with the economic literature [COHEN and LEVINTHAL, 1990 , VEUGELERS and CASSIMAN, 2003 , BELDERBOS ET AL., 2004 , FONTANA ET AL., 2006 , enterprises need to be endowed with the absorptive capacities necessary to assimilate scientific knowledge and to benefit optimally from partnerships with universities.
Enterprises that receive government support are more likely to collaborate with universities according to MOHNEN and HOAREAU [2003] . Collaboration with universities is often required to get direct government support, and some provinces offer R&D tax incentives if firms collaborate with universities. Therefore we also control for grants measured as the amount of Federal R&D grants normalized by total R&D expenditures by enterprises.
Some recent articles argue that the geographic distance is a proxy for a more important dimension in knowledge diffusion, which is the social connectedness [MOEN, 2000; BRESCHI and LISSONI, 2006] . The social network is based on the mutual sharing of knowledge with the same professional colleagues or across intra-firms ties in the same localized communities. The role of social network within firms has gained importance because of its effect on knowledge diffusion and knowledge sharing [see OZMAN, 2006] . When an enterprise interacts with a university, it gets access not only to the professors' expertise and reputation but also indirectly to the students and to the professors' social network. Localised knowledge flows are encouraged by geographical, cultural and linguistic proximity [ARUNDEL and GEUNA, 2004] .To capture such social networks we introduced in the model a dummy variable that takes value one when the transaction between an enterprise and a university occurs in the same province (Same_prov).
Although the period of analysis from 1997 to 2001 is rather short, we find it nevertheless interesting to assess the possible presence of a self-reinforcing dynamic between partners who learn to work together over time [DEN HARTIGH ET AL., 2002] . In order to take in account such an effect we include a dummy variable equal to one if the R&D performer has already had a transaction with the same Canadian university in the past (Learn_effect).
We include a dummy equal to one if a Canadian enterprise controls the head office and also dummies for specific groups of industries and doctoral programs supplied by universities (see appendix). The knowledge output of universities is heterogeneous. Scientific fields of research like natural sciences are considerably more codified compared to social sciences [AUDRETSCH . We expect to capture this effect by introducing dummy variables characterizing doctoral program supplied by universities. Finally, we include dummies for the provinces to control for differences in legislation.
If knowledge flows from universities, proxied by R&D expenditures flowing to universities, correspond to codified knowledge, we would not expect the distance between a firm and a university to determine the amount of R&D. Firms would seek knowledge from the university that is best able to deliver the required knowledge. If, however, knowledge is tacit, requiring personal contact between the university and the research personnel of the firm, or if the R&D payments serve primarily to place/attract university graduates, it may well be that distance increases the transaction cost of interacting with the universities. We control as best as we can for other possible reasons for local knowledge transfers, namely social proximities and historical ties.
The data
This study is based on data from Statistics Canada's Research and Development in Canadian Industry survey, which collects data on R&D performed in the business sector in Canada. The Statistics Canada database is constructed using two sources: an annual survey of major R&D performers and administrative data.
The coverage of the survey is national. The population of firms covered in the survey includes those that reported R&D activities in the previous survey, those that have claimed for R&D tax credits, those that have reported receiving R&D contracts or grants, those that are reported by other firms as funding sources or as performers of R&D, and those that are identified in newspaper articles or trade journals. A questionnaire is sent to all firms performing or funding at least $1 million of R&D, which represents around 90 % of total industrial R&D performed in Canada.
In 1997, a new method was introduced for estimating R&D expenditure in the business sector in Canada. It was decided that administrative data from what later became the Canada Revenue Agency (CRA) would be used instead of survey data for any firm that had funded or performed less than $1 million of R&D. This enabled the elimination of around 8,000 survey mail outs for the 2002 survey, thus reducing the survey reporting burden.
The survey is conducted annually and includes data for a four-year period. However, there is an eighteen-month lag between the publication of the data and the availability of the information provided by CRA. For this reason, Statistics Canada publishes revised data the following year, after receiving all the information.
The sample used in this study is restricted to the business enterprises that have been surveyed over the period 1997 to 2001. Enterprises that report performing R&D but having no R&D employees, i.e. those that were spending on R&D only for buildings, land or equipment, have been eliminated. Have also been dropped the observations for which there were no postal codes, making it impossible to calculate distances to universities. Enterprises where the head office is located abroad were also excluded. The analysis is restricted to the period 1997 to 2001 because after 2001 Statistics Canada stopped collecting detailed information on the destination of payments for R&D performed by other organizations, including universities.
A final point to be noted is that in practice it is impossible to have perfectly balanced accounting information between the reporting unit that is at the source of the funding and the unit that reports receiving the funding and executes the R&D. There are various reasons why this problem arises, starting with differences in interpretation of what constitutes R&D. The Frascati manual recommends to focus on the amount reported by the performing unit. Unfortunately it is not possible to have the information about the R&D performed by universities and transferred to business enterprises, neither in this survey nor in other surveys. Hence we have to rely on the information provided by the enterprise funding the R&D performed by universities. We know that the total amount of R&D funding reported by business enterprises is smaller than the total amount received as reported by the higher education sector [see STATISTICS CANADA, 2006] .
Descriptive analysis
This section presents some descriptive statistics about the dataset used to analyse the transfer of knowledge flows from universities to business enterprises.
The database will be analyzed at two levels, at the business enterprise level and at the transaction level. At the business enterprise level an observation represents a business enterprise that performs R&D. At the transaction level, each observation represents a TKF between an R&D performer and a university. We have an unbalanced panel of business enterprises with university links over a five year period, representing a total of 4 896 R&D performers (business enterprises). At the individual transaction level between business enterprises and others institutions including universities we have a total of 13797 transactions. Table 2 gives for each year the decomposition by frequency of appearance of business enterprises with university links. Hence, in 2001 36 % of the business enterprises with university links appeared five times in the period 1997 to 2001. The likelihood to build a network of partnerships with universities depends on the technological maturity of the firm. If the firm has performed R&D continually during five years, its ability to assimilate the knowledge and the odds of having a large network is higher than for a firm that performed R&D only once. In all years, about half of the firms with university links appeared at least four times in our sample during the five year period. A count by firm of the number of links with universities can give us a picture of the importance of a network between business enterprises and universities. Table 3 shows the frequency of links. Most of the business enterprises have only one link with a university. In 2001, almost 20 % of the business enterprises with university partnerships had more than three university partners. This measure captures the willingness of a firm to look for external information in order to increase its R&D stock. Table 4 , shows the total number of R&D transactions between firms and universities broken down by distance intervals. It is evident that the majority of transactions occurred between partners that are separated by more than 500 km. In 2001, only 17 transactions, 6% of the total, were in a radius of less than 10 km and 29 % were in a radius of less than 100 km. According to these figures, distance does not seem to matter in order to acquire specific R&D knowledge from universities. In the Canadian context, most transfers of knowledge flows are long distance transfers. Nevertheless, the amounts of transfer are on average higher for short distances than long distances (see table 6 ).
TABLE-4 Total number of transactions for R&D services according to the average distance from universities, by year.
Sources: RDCI (calculation from the authors)
As clearly shown in table 5, the number of R&D flows with universities varies across industries. There are more of them in pharmaceuticals and medicine than any other industrial sector. These industrial heterogeneities are also notable in terms of the amounts of transfer. Obviously the industries of pharmaceutical and medicine spend on average more for TKF than any other industry (see table 6 ). Average distance in Km between enterprises and universities 10 ≤ avg-dist 948 10 < avg-dist ≤ 50 266 50 < avg-dist ≤ 100 85 100 < avg-dist ≤ 200 89 200 < avg-dist ≤ 500 130 Avg-dist > 500 155
In the appendix we report some summary statistics of the variables that are used in the analysis. R&D payments to universities, reflecting transfer of technology flows from universities, represent on average 13.2 per cent of total R&D expenditures. On average, the individual identified distances between enterprises and universities are of 820 km, i.e. 420 km less than the average distances with respect to all universities. Most transactions are with large universities. On average, only 5% of the transactions are with universities located in the same province as the headquarters of the enterprise and 4% are transactions between partners that have transacted in the past. Unidentified university links, among which links with foreign universities, make up no more than 3% of all transactions. The average proportion of R&D employment in total employment is 28.9%. If we computed an employment-weighted average of this ratio, we would obtain an order of magnitude of 10.9%. 
Econometric results
The analysis of the determinants of TKF can be conducted at the level of the enterprise or at the level of the individual transaction. In the former case the basic observation is the total TKF transactions of a particular enterprise with all universities, in the latter case it is the individual TKF transaction between a business unit and a university. We shall present the results at both levels of aggregation. In order to account for the codified or tacit nature of knowledge, we separate out and estimate apart the enterprises that report signs of codified knowledge flows and those that did not. The codified group of enterprises are identified by the fact that the R&D performer declares to make or receive payments from Canadian or foreign firms for patents, know-how (unpatented), inventions, trademarks, patterns, design and R&D technical assistance. This measure is far from perfect, but it has the merit to be directly extracted from the survey and to capture a tangible, observable characteristic that corresponds to the definition of a codified transfer.
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Our dependent variable, the transfer of payments for R&D services, is not observed for all observations in our sample. The selected sample where such transfers are observable is thus not representative of the whole population. In order to correct for sample selection, we follow the Heckman two-step method, allowing for random individual effects. Hence we first estimate a probit with random individual effects to determine the probability to have R&D links with universities. We compute the inverse Mills ratio for that regression and introduce it in the GLS estimation with firm-specific random effects of the equation explaining R&D payments to universities. 3 This model has been estimated at the business enterprise level (table 7) and at the transaction level (table 8) for all observations, for firms with only tacit knowledge flows and those with codified knowledge flows. Table 7 presents the estimation results for the analysis at the business enterprise level. The dependent variable for each business enterprise is the logarithm of the sum of payments for R&D purposes made to all universities it deals with, normalized by the total amount of R&D expenditures of that enterprise, to correct for size related heteroscedasticity. If an enterprise has multiple links with universities, then the average distance to partner universities is computed (avg_dist). In some cases we observe the total amount of expenditures for R&D services performed by universities, but we are unable to identify the particular universities in which the expenditures were performed. This is particularly the case when the university is located in a foreign country. In these cases of unidentified links (unident) we have put the distance to zero and added a dummy variable to correct for the resulting measurement error. We control for various firm and university characteristics, as explained in section 3. Many business enterprises have no R&D payments to universities: only 686 out of 4898 report R&D payments to universities in the period 1997 to 2001. As mentioned we correct for selection bias by the two-step Heckman approach. For each set of observations, we report in the first column the estimation of the probit equation and in the second column those of the payments for R&D services equation.
At this point, it is also worth mentioning that distance is measured with respect to the location of the head office of an enterprise. It is generally accepted that the R&D activities tend to be concentrated at the firm's headquarters [see FONTANA 4 . One could also argue that the decision to make payments for R&D services from firms to universities is essentially a decision taken at the head office 5 .
Surprisingly, Canadian controlled firms are less likely to source knowledge from universities than foreign controlled firms, at least for codified knowledge. The probability of TKF from universities to enterprises is positively correlated with firm size, absorptive capabilities (although only at 10% level of significance for firms with tacit knowledge flows), and the amount of federal grants (at least for firms that have no codified knowledge flows).
The amount of R&D transactions with universities is positively and significantly correlated with the average distance to universities that firms transact with (avg_dist) if we run the regression on all enterprises. By a likelihood ratio test, however, we find that the coefficients are different for enterprises with tacit and codified knowledge flows. We reject the homogeneity hypothesis (χ 2 statistic of 260.74 against a tabulated value of 30.14 for 19 degrees of freedom at 5% level of confidence). In each subsample, our variable of interest, the average distance to universities, is insignificant, as are all the other covariates. The analysis at the enterprise level thus leads to an inconclusive response to the question whether distance matters for TKF.
We now turn to the estimation at the more micro level of individual enterprise-university transfers as shown in table 8. At this level of analysis, each observation corresponds to a transaction between a business enterprise that performed R&D and any other institution including universities, other companies, hospitals, federal or provincial government, industrial research institutes or associations, individuals etc. The higher number of observations and the higher variability at the more disaggregated level should produce more conclusive results.
Out of a total of 13797 potential R&D transactions between R&D performers and any other institutions, we only observe 1782 positive transactions with universities. In this model, the dependent variable is the amount of R&D payment between a business enterprise and a particular university divided by the total R&D expenditures of the enterprise. We can now measure the exact distance for each transaction.
The probability of a bilateral TKF transaction between a business enterprise and a university yields significant coefficients at the 5% level only for firms reporting codified knowledge flows. For them it is positively related to size and absorptive capacity, and lower for firms with Canadian control. We have introduced the average distance that a firm has to all universities as an explanatory variable, but it does not show up significantly.
The amount of individual TKF transaction with universities as a percentage of total R&D is also negatively correlated with the size of the enterprise and its absorptive capacities, and it is lower for firms under Canadian control (at least for enterprises with codified knowledge flows). This time it is clear that the distance between an enterprise and a university decreases the amount of knowledge flows between the two. The point estimate of distance reveals that if the distance between a business enterprise and a university increases by 10 %, the fraction of the total R&D expenditures of that enterprise directed to that particular university decreases by 1.02 %. As expected, the marginal effect of distance is greater in the case of enterprises with only tacit knowledge flows. A 10 % greater distance between enterprise and a university decreases the fraction of the total R&D expenditures of that enterprise to that particular university by 1.42 % in the case of enterprises with only tacit knowledge flows and by only half as much for enterprises with codified knowledge flows. To test for the existence of a network effect, we checked whether dealing with a university in the same province (Same_prov) had a significant effect. This variable turned out insignificant. We also wanted to control for the fact that an enterprise might learn from its past experience of knowledge flows with universities (Learn_effect). This effect is positive and significant suggesting a self-reinforcing dynamic in borrowing knowledge from universities. The learning effect has a slightly bigger impact for firms with only tacit knowledge flows. Even after controlling for some social network and experience effects, distance remains significant in determining the amount of TKF between enterprises and universities, and the fact that it bears a negative sign even for firms that declare codified flows of knowledge could reflect the existence of tacit knowledge flows even there. Province, grouped industry dummy coefficients, university characteristics (selected list of doctoral programs) and categories of size of university (see appendix) are controlled for but not reported. In the first step (probit) we drop university characteristics. *p<0.05;**p<0.01;***p<0.001. Standard errors are in parentheses. 
All Transactions

Conclusions
This study examines whether the distance that separates an enterprise and a university is an obstacle to the transfer of knowledge flow between an enterprise and a university in Canada. The transfer of knowledge flows are measured by the amount of R&D payments from business enterprises to universities that are directly reported in Statistics Canada's survey on Research and Development in Canadian Industry. We use data from the 1997 to 2001 surveys. The analysis is conducted at the level of the enterprise and at the level of individual payments for R&D services from an enterprise to a university.
The estimates control for unobserved individual heterogeneity effects, for a potential selection bias as well as for other covariates that could affect the extent of industry-university R&D transactions: absorptive capacity, country of firm control and other firm and university characteristics. We also control for the existence of social networks (when enterprises and universities belong to the same province) and for past experience with a given university. Even after controlling for all these factors, it is found that the geographic distance has a statistically significant negative impact on the magnitude of knowledge flows between R&D industrial performers and universities. It is, however, worthwhile to point out that such an effect is only visible when the unit of analysis is the individual transaction, not the enterprise. Provincial networks do not influence the transfer of knowledge flows, but past experience does. We find that a 10% increase in distance decreases the proportion of total R&D paid to a university by 1.4 percent for enterprises that do not report any codified transfer of knowledge flow, and by half as much for enterprises that report codified knowledge flows.
The hypothesis of the need for phase to phase contacts in the case of tacit knowledge transmission seems corroborated. The transmission of codified knowledge is less hampered by distance. It may be though that R&D payments to universities are concomitant with student placement, firm recruitment on campuses, and university spin-offs. Proximity could be a simple consequence of other joint activities between universities and enterprises, independently of the character of knowledge transfer.
In future work, it would be nice if we could improve the measurements of some of our variables. We have only measured distances with respect to the headquarters of an enterprise instead of the average distance with respect to its various R&D locations. It might be interesting to examine whether the effect of geographic proximity on the quality of transferred knowledge. The transfers of technology flows reveal nothing about their quality; output measures of innovation should be used for that. It would also be worthwhile to measure other forms of networking or social connectedness than provincial connections. The classification of universities into three categories of size is based on the following criteria: 1) the amount of expenditures on sponsored research; 2) the proportion of sponsored R&D expenditures as a percentage of general operating expenditures; and 3) the number of doctoral programs. A university is classified as (small) if its expenditures on sponsored R&D are less than $10 million and less than 10% of general operating expenses, and it has less than 10 doctoral programs. A (medium) size university is one in which the sponsored research ranges between $10-30 million, the percentage of general operating expenses is between 10% and 20%, and the number of doctoral program is between 10 and 30. A (large) university is one where sponsored research is greater than $30 million, general operating percentage is more than 20%, and there are more than 30 doctoral programs.
----------------------------------------------------------------------------------------
Descriptive statistics for the analysis at the transaction level In the estimations all quantitative variables are in logarithm. TKF stands for transfer of knowledge flow. The information to create dummies for the university scientific program comes from web site of the Association of Universities and Colleges of Canada (AUCC).
